Patient safety indicators (PSIs) use inpatient administrative data to flag cases with potentially preventable adverse events (AEs) attributable to hospital care. This study explored how many AEs the PSIs identified in the 30 days post discharge. PSI software was run on Veterans Health Administration 2003-2007 administrative data for 10 recently validated PSIs. Among PSI-eligible index hospitalizations not flagged with an AE, this study evaluated how many AEs occurred within 1 to 14 and 15 to 30 days post discharge using inpatient and outpatient administrative data. Considering all PSI-eligible index hospitalizations, 11 141 postdischarge AEs were identified, compared with 40 578 inpatient-flagged AEs. More than 60% of postdischarge AEs were detected within 14 days of discharge. The majority of postdischarge AEs were decubitus ulcers and postoperative pulmonary embolisms or deep vein thromboses. Extending PSI algorithms to the postdischarge period may provide a more complete picture of hospital quality. Future work should use chart review to validate postdischarge PSI events.
Numerous studies have shown that the negative effects of poor hospital quality of care can extend beyond discharge. The consequences of hospital adverse events (AEs) include unplanned outpatient encounters, emergency room visits, or hospital readmissions. [1] [2] [3] [4] Additionally, hospital performance measures limited to AE detection during the index hospitalization may misidentify highand low-performing hospitals. 5 These studies highlight the need to examine postdischarge data to provide a more complete picture of hospital quality and safety performance.
Existing hospital quality measures include 30-day mortality and readmissions, 6, 7 but to the authors' knowledge, there are no endorsed measures that focus explicitly on postdischarge morbidity. The Agency for Healthcare Research and Quality (AHRQ) patient safety indicators (PSIs) are standardized algorithms that use inpatient administrative data to flag cases with potentially preventable inpatient AEs attributable to hospital care. 8 Although PSIs were developed to detect AEs based on administrative data collected during the hospitalization, 3 previous studies adapted 3 PSIs to detect AEs in the 30 days post discharge. These studies used postdischarge inpatient data from the state of New York and found that the number of AEs detected increased by 9% to 20% beyond the PSIs identified during the index hospitalization. [9] [10] [11] The present study expands on this previous work by evaluating postdischarge AE detection among a wider set of 10 PSIs that was recently validated in the Veterans Health Administration (VA). 12 Additionally, the study explores the number of AEs detected in outpatient encounters, an area of patient safety research that has received little attention. The objective of this article is to examine the feasibility of applying PSI criteria to detect AEs in the 30-day postdischarge period using both VA inpatient and outpatient administrative data. The VA is an ideal setting in which to conduct this study because of the comprehensive administrative data available for VA patients that includes inpatient and outpatient encounters, allowing linkage of episodes of care.
Methods

Data Source
Fiscal year (FY) 2003-2007 VA inpatient data were obtained from the Patient Treatment File (n = 2 343 088 hospitalizations) and outpatient data from the Outpatient Care File (n = 3 513 455 visits). 13 The 2 data sets were linked across years by patient identifiers (ie, scrambled social security numbers).
AHRQ Patient Safety Indicators
AHRQ spearheaded the development of PSIs shortly after the Institute of Medicine report charged the country to address AEs in health care. 14 PSIs were designed specifically to detect hospital AEs using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes. 15 Because PSI algorithms favor specificity over sensitivity (ie, they are set up to maximize identification of true events), they search for diagnoses and procedures coded in secondary inpatient data fields to avoid labeling an AE that was present on admission (POA) as a hospital safety event. (However, with increasing implementation of POA codes, the most recent software does include principal diagnoses that are not POA 16 ).
Of the 18 hospital-level AHRQ PSIs, the authors analyzed 10 that were both endorsed by the National Quality Forum 17 and validated previously in the VA [18] [19] [20] [21] [22] [23] [24] : decubitus ulcer (ulcer), iatrogenic pneumothorax (pneumothorax), central venous catheter-related bloodstream infections (infections), postoperative hemorrhage or hematoma (hemorrhage/hematoma), postoperative physiologic and metabolic derangement (derangement), postoperative respiratory failure (respiratory failure), postoperative pulmonary embolism/deep vein thrombosis (PE/DVT), postoperative sepsis (sepsis), postoperative wound dehiscence (dehiscence), and accidental puncture or laceration (puncture/laceration).
Identification of Inpatient PSI Events
The AHRQ PSI software version 3.1a was applied to FY 2003-2007 inpatient data to identify hospitalizations that met the criteria for each PSI numerator (ie, PSI events that occur in the hospitalization) and denominator (ie, hospitalizations eligible for the PSI). PSI observed rates were calculated for the index hospitalization according to PSI guidelines. 15 
Identification of Postdischarge PSI Events
To estimate the number of PSI events that occurred in the postdischarge period, the PSI denominator was limited to hospitalizations eligible for the PSI that were not flagged for an inpatient PSI event (ie, the PSI denominator minus the PSI numerator from the index hospitalization). Scrambled social security numbers were used to link those hospitalizations eligible for postdischarge PSIs to inpatient and outpatient encounters that occurred within the 30-day postdischarge window. Although 30 days is a commonly accepted time frame for examining postdischarge effects, 5, 7 this study also examined how many PSI events occurred within 1 to 14 days of discharge to determine whether the majority of AEs occurred shortly after discharge.
The postdischarge AE numerator criteria were developed based on modifications of the PSI criteria used in the index hospitalization. Specifically, the revised numerators looked for principal, not secondary, diagnosis codes to identify the primary reason for the inpatient or outpatient encounter. If the PSI numerator was based only on ICD-9-CM diagnoses codes, the revised PSI numerator criteria searched for the presence of these codes only in the principal diagnosis field in the postdischarge inpatient and outpatient administrative data. This rule applied to the following 6 PSIs: ulcer, pneumothorax, infections, PE/DVT, sepsis, and puncture/laceration.
If the PSI numerator also included ICD-9-CM procedure codes, the modifications were more complex. ICD-9-CM procedure codes are limited to inpatient data, whereas procedures performed in outpatient encounters are coded using the Current Procedural Terminology (CPT). 25 The authors relied on the previous literature and clinical input to cross-walk ICD-9-CM procedure codes to appropriate CPT codes. Matching CPT codes were identified for dehiscence and derangement, which include a limited number of procedure codes in the numerator criteria. 26 The derangement PSI includes both diabetes and acute renal failure components; this study focused on detecting evidence of postdischarge acute renal failure only. (From their previous work, the authors found that the diabetes component was rare and had a very low positive predictive value at 13%.) 18 For hemorrhage/hematoma, the PSI algorithm includes 27 different procedure codes; in prior work, the authors found that several of these codes were relatively nonspecific for a postoperative bleeding event (eg, 8604, "other incision with drainage of skin and subcutaneous tissue"). 27 Thus, there was concern that many of the cross-walked CPT codes also would not be suitably specific, so procedure codes were not accounted for when looking for outpatient events. For respiratory failure, the algorithm specifies either an acute respiratory failure secondary diagnosis code or an appropriately timed intubation/ventilation procedure in reference to an index procedure. The authors felt that they would be more likely to identify true postdischarge events based on a principal diagnosis of acute respiratory failure; there was concern that there would be too many clinically unrelated reasons for intubation/ventilation codes. As a result, these procedure codes were not incorporated into the postdischarge PSI numerator (see Table 1 for the final algorithms).
Results
The merged data set included 1 196 014 unique patients with at least 1 hospitalization in FY 2003-2007. There were 40 578 PSI events detected during the index hospitalization and 11 141 (27%) additional PSI events that occurred post discharge over the 5-year period. The observed rates for postdischarge PSI events ranged from 0.07 for puncture/laceration to 8.48 for PE/DVT per 1000. Compared with PSI events identified in the index hospitalization, using administrative data from postdischarge inpatient and outpatient encounters enabled the capture of from 2% (puncture/laceration) to 77% (hemorrhage/hematoma) additional events (see Table 2 ).
For all PSIs, postdischarge events were found to be more likely to be detected within 1 to 14 days of discharge than within 15 to 30 days (Table 3 ). There also was variation in where the PSI event was detected post discharge. For example, PSI events such as ulcer, hemorrhage/hematoma, PE/DVT, and sepsis, were detected more frequently in outpatient encounters, whereas other events, such as pneumothorax, infection, derangement, and dehiscence, were found more often in subsequent hospitalizations.
Discussion
This study found that it was feasible to modify PSI algorithms to detect AEs in the postdischarge period. In fact, applying PSI algorithms to postdischarge data enabled the identification of nearly 30% more safety events that may be attributable to care received during the index hospitalization. These events were more likely to occur within the first 14 days of discharge. The setting in which postdischarge PSIs were detected varied across PSIs. With some exceptions, AEs detected in inpatient encounters likely reflect the greater severity and acuity of the complication.
This research builds on recent evidence that some inpatient safety events may be the result of care received in the previous hospitalization. 28 Earlier studies of PSIs found 9%, 20%, and 25% more cases of hemorrhage/ hematoma, PE/DVT, and infection, respectively, using data from postdischarge inpatient encounters. [9] [10] [11] When the current postdischarge analysis was limited to inpatient data, there were similar findings (14%, 15%, and 25%, respectively). However, by including both inpatient and outpatient encounters in the study, 77%, 40%, and 72% more AEs, respectively, were found for these PSIs. This highlights the importance of incorporating outpatient data into postdischarge AE detection.
This study also expands on the literature by examining 2 postdischarge time periods. Although a 30-day period is commonly used as the cut point for postdischarge hospital quality measures (eg, readmissions), it is likely that the ideal window in which to capture postdischarge AEs varies according to the nature and severity of the complication. This study found that most PSIs occurred shortly after discharge, with many fewer events detected more than 2 weeks later. However, ulcer and puncture/laceration had nearly as many events detected in the second half of the 30-day window as in the first. There is evidence that decubitus ulcers may manifest over a longer period of time, 29 such that a postdischarge window beyond 30 days may be appropriate. In the case of puncture/ laceration, one would expect this complication to manifest during or shortly after the index procedure. Thus, it is possible that the higher frequency of these events in the 15-to 30-day time frame is the result of intervening episodes of care, indicating that a shorter postdischarge window may be more appropriate. Future studies may want to explore additional time periods to detect postdischarge AEs attributable to the index hospitalization.
As expected, many of the AEs that would be considered to be more severe complications were more likely to be detected in postdischarge inpatient encounters (eg, dehiscence and derangement); however, there was at least 1 exception to this rule. It was surprising to find more cases of PSI in the outpatient setting. (On the whole, there were relatively few cases in either setting.) It is possible that these outpatient cases were misdiagnosed, miscoded, or more likely to be diagnosed in a VA setting without inpatient acute care; in this scenario, the patient would have been sent to the closest acute inpatient care facility for treatment, which in many areas is a non-VA hospital. Additionally, although many postoperative hemorrhages and hematomas may be treated in an outpatient setting, it is possible that many of the hemorrhage/hematoma outpatient cases may not reflect true AEs. As a result of poor CPT to ICD-9-CM procedure code matching, the algorithm that was applied to outpatient data was not as specific as the original PSI algorithm. In the case of sepsis, merging postdischarge VA data with non-VA data may provide a more comprehensive and clearer picture of VA care. In the case of hemorrhage/hematoma, a nationally validated ICD-9-CM and CPT cross-walk would greatly facilitate the application of PSI algorithms to outpatient data. For all PSIs, chart review also would confirm the reliability of outpatient coding and determine whether the PSI algorithms may be adapted further to detect events in outpatient data. This study has several strengths. A large sample of linked inpatient and outpatient administrative data was used, enabling the tracking of patients over time. Also, numerator criteria were developed and applied to test 7 PSI algorithms for postdischarge safety events that had not been explored previously in the literature. Finally, this study measured the extent to which problems resulting from inpatient care could potentially be detected in postdischarge outpatient encounters, an important area for future research.
This study also has a few limitations. Some of the postdischarge PSI events detected may be false positives (previous work examining the validity of selected PSIs found that after accounting for POA, the positive predictive values ranged from 46% to 90%). 12 Thus, this study may have overestimated the yield of true events that can be detected by applying modified PSI criteria to postdischarge data. The authors suggest that future studies use chart review to validate the postdischarge PSIs. On the other hand, this study also was limited to VA data only despite the fact that 30% of veterans also have Medicare coverage. 30 As a result, this study may have The denominator for events detected in the postdischarge period is equal to the number of hospitalizations eligible for the original PSI less the number of PSI events detected during the index hospitalization. There is 1 exception to this rule: for derangement, the focus was on the dialysis component of the PSI numerator, and the sample of PSI-eligible hospitalizations in the discharge period was restricted to those that had acute renal failure during the index hospitalization. underestimated AEs if postdischarge care occurred in Medicare-reimbursed hospital settings. Finally, it was not always possible to cross-walk exact ICD-9-CM procedure codes with CPT codes, resulting in somewhat imperfect matches between the inpatient and postdischarge PSI algorithms; however, this would have affected the specificity of only 1 of the PSIs evaluated (hemorrhage/hematoma). Because PSIs are a reasonably valid and cost-efficient means of identifying AEs, 12 policy makers may consider using PSI algorithms to measure postdischarge morbidity associated with hospital quality. Unlike 30-day readmissions, PSIs identify specific complications associated with hospital care. A better understanding of safety events and the setting in which they are detected can help hospitals target quality improvement efforts. Additionally, PSIs are increasingly being used for hospital profiling with respect to public reporting and pay-for-performance initiatives. 17, 31 If the modified postdischarge PSIs detect true patient safety events, they may increase the yield of hospital-associated AEs and provide a more accurate picture of hospital performance. Future research should evaluate the predictive validity of postdischarge PSIs as well as whether the inclusion of postdischarge events alters hospital profiles.
Conclusion
Although the PSIs were designed to detect AEs that occurred specifically in the inpatient setting, this study identified many more events that occurred postdischarge by modifying the PSI numerator criteria. These postdischarge PSIs may represent a unique opportunity to widen AE detection beyond the index hospitalization period, particularly because they use standardized algorithms that can be applied across diverse settings of care. This study demonstrated the feasibility of using PSIs to detect postdischarge AEs; evaluating all AEs associated with inpatient care may provide a more complete picture of hospital quality. Future work should refine the postdischarge PSI algorithms and use chart review to validate PSI events detected in the postdischarge period.
